Abstract-X-ray inspections using X-ray flat panel detectors (FPDs) have been widely used in electronic packaging to detect defects and contaminations. In the FPDs, scintillating materials convert X-ray into visible light, and a-Si photodiode array converts the light into electrons for imaging. However, it is desired that the spatial resolution of FPDs is improved because the light spreading inside scintillator causes crosstalk to next a-Si pixels and the resolution is degraded.
INTRODUCTION
Product quality control is important for various manufacturing industries including electronic packaging. For product quality control, nondestructive testing (NDT) has been used to detect defects and contaminations of electronic packaging, and X-ray inspection is one of the most effective ways in NDT.
X-ray inspection is performed by using flat panel detectors (FPDs) as shown in Fig. 1 . In some kinds of FPDs, scintillating materials such as terbium-doped gadolinium oxysulfide (Gadox) and thallium-doped cesium Iodide (CsI) convert X-ray into visible light, and an amorphous silicon (a-Si) photodiode array converts the light into electrons. They are so called indirect conversion FPDs, and the most used in X-ray inspection. However, it is desired that the spatial resolution of FPDs is improved because the light converted by scintillating materials spreads inside scintillator, and it causes crosstalk to next a-Si pixels and the resolution is degraded. In case that high energy X-ray is exposed to inspect targeted products, thicker scintillator is needed because most of X-ray penetrates the scintillator. Then, the degree of light spreading inside scintillator becomes larger and resolution is more degraded.
In order to improve the spatial resolution, it is proposed that the scintillating material is pixelated to limit the light spreading. In some studies, microfabrication technologies for silicon devices are applied to pixelate scintillator, but it is not suitable for enlarging the detector size [1] - [5] . Recently, we applied the manufacturing technologies for plasma display panel to fabricate a barrier rib structure to pixelate the scintillator [6] , [7] . It is capable of enlarging the detector size and fabricating thick scintillators that keep high spatial resolution. The difference between conventional scintillators and pixelated scintillator are shown in Fig. 2 .
In this study, the scintillator was pixelated with 83μm pitch that was same pixel pitch as a-Si photodiode array by barrier rib structure to limit the light spreading. A FPD with 83μm pitch was expected higher spatial resolution compared to that with wider pixel pitch such as 139μm and 200μm. And the detector spatial resolution was improved by using pixelated scintillator. 
II. METHOD

A. Fabrication of the pixelated scintillator
The barrier rib structure with 83μm pitch was fabricated on a substrate using photosensitive pastes which were comprised of photosensitive organic components and glass particles. The photosensitive paste was coated on the substrate. Next, the paste was exposed by the UV light and developed, and then the organic-glass hybrid pattern was obtained. Glass barrier rib pattern is obtained by firing the organic-glass hybrid pattern. Silver reflective layer was sputtered onto the barrier rib structure. Finally, the structure was filled up with Gadox particles. Physical parameters of the pixelated scintillator are shown in Table I. SEM images of pixelated scintillator are shown in Fig. 3 Gadox particles were filled up into the space between silver sputtered barrier ribs. 
B. Evaluation of MTF and sensitivity
A commercial FPD (Varex imaging, PaxScan® 3024M, pixel pitch: 83μm) was used for the evaluation of sensitivity and presampled modulation transfer function (MTF) as a parameter of spatial resolution. The technical specification of PaxScan® 3024M is shown in Table II . The built-in scintillator was removed and the pixelated scintillator was aligned with the a-Si photodiode array and set as the FPD with pixelated scintillator. Evaluation was done in a X-ray condition (tube voltage: 70kV, additional filter: nothing).
MTF was evaluated by the edge method. For reference, non-pixelated phosphor sheet (Mitsubishi chemical Inc., DRZ®-PLUS, phosphor: Gadox particle, phosphor layer thickness: 210μm) and thallium-doped cesium Iodide (Hamamatsu Photonics Inc., J8734, Phosphor: CsI, Phosphor layer thickness: 150μm) are also evaluated in the same condition with that of pixelated scintillator. Fig. 4 and Table III show measured MTF curves of the FPD with the pixelated scintillator, the conventional phosphor sheet "DRZ®-PLUS" and CsI. The FPD with the pixelated scintillator showed higher MTF than that of DRZ®-PLUS and CsI, and 0.95 at 1 cycle/mm and 0.92 at 2cycles/mm were achieved. The MTF values were almost equal to the maximum value of "Ideal MTF" that can be theoretically achieved in FPDs with 83μm pixel pitch of a-Si photodiode array. Fig. 5 shows the X-ray images of duplex wire chart (IQI-15D) and their line profiles. Duplex wire is used to evaluate the sharpness of X-ray image. In the X-ray image by CsI, 10D wire pair (wire diameter and spacing : 0.10mm) can be seen and their line profile is separated. But 11D wire pair (wire diameter and spacing : 0.08mm) cannot be seen separately. On the other hand, 11D wire pair can be seen and their line profile is separated obviously in the X-ray image by pixelated scintillator. Fig. 6 and Fig. 7 show X-ray images of electronic circuit card and they are taken by using conventional phosphor sheet (DRZ®-PLUS), CsI and pixelated scintillator. In the X-ray images by pixelated scintillator, thin wiring and outline of each parts of electronic circuit card can be observed clearly even if the images are enlarged. The pixelated scintillator can be used for NDT application because of its high spatial resolution, but sensitivity is also an important factor for NDT to reduce cycle time for inspection. Fig. 8 shows measured sensitivities of pixelated scintillator, CsI and DRZ®-PLUS.
A. Spatial resolution
B. X-ray imaging
The sensitivity of pixelated scintillator is almost 40% compared with that of CsI. One reason is small fill factor due to the barrier rib. Since the width of barrier rib is totally about 18μm for 83μm pitch, the calculated fill factor of pixelated scintillator is about 58%.The decrease of phosphor amount causes the low sensitivity. Another reason is too thin scintillator to absorb X-ray energy. The thickness of a pixelated scintillator is 70μm and thicker scintillator is better to absorb high X-ray energy. Next investigation to improve sensitivity will focus on the increase of thickness of scintillator. 
V. CONCLUSION
The FPD with the pixelated scintillator showed high MTF which is almost equal to the maximum value that can be theoretically achieved. The X-ray images of the electronic circuit card and duplex wire chart show fine quality compared with the conventional scintillators.
Since the barrier rib technology is originated from the manufacturing technology of plasma display panels, it is capable of fabricating large-area high resolution detector.
For better X-ray inspection, sensitivity is also an important factor. As next investigation, increasing the fill factor and thickness is needed to improve sensitivity of pixelated scintillator.
The FPD with pixelated scintillator have great potential to apply for high spatial-resolution such as nondestructive testing.
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